Background
Spontaneous intracerebral hemorrhage (ICH) accounts for nearly 10%-15% of all strokes. 1 Overall, the annual incidence of ICH is around 25 per 100,000 individuals and is higher among the elderly. 2 Although ICH is less common than ischemic stroke, it is frequently associated to a poor outcome and long-term morbidity. 3, 4 ICH in young adults (18-50 years) has an annual incidence of around 5 per 100,000 individuals. 5 Its in-hospital mortality ranges from 12.5% to 34.1% and 1-month mortality from 8.1% to 26.1%. 5 There are already several observational studies that focused on short-term mortality after ICH in young adults and identified some independent factors associated with early mortality such as female sex, decreased level of consciousness, infratentorial hematoma location, multiple hemorrhages, hyperglycemia, and structural causes of ICH. 6À10 However, limited data on long-term ICH prognosis in young adults are available. Mortality ranging from 12.5% to 38.9% has been reported in studies with follow-up durations of 6-17 months. 5 Only 2 observational studies reported on longer follow-up periods (median 9.7 years and mean 11.3 years). 11, 12 All-cause cumulative mortality was 27.6% at 10 years 12 and 31.4% at 20 years. 11 In addition, little information is available regarding independent predictors of long-term mortality in this setting. Only 1 study identified male sex and diabetes mellitus as predictors of increased long-term mortality after ICH in young adults. 12 A better understanding of short-term and, most importantly, of long-term prognosis after ICH in young adults is needed.
We aimed to identify predictors of short-term (in-hospital period) and long-term prognosis after spontaneous ICH among young adults aged 18-65 years.
Methods

Patient Selection
We retrospectively analyzed data of all patients admitted with first stroke before 65 years from a prospectively constructed single-center registry from 1997 to 2002. For this study, we included all patients with ICH. We excluded patients without follow-up data. We recorded demographical and clinical characteristics including age, sex, vascular risk factors (hypertension, diabetes mellitus, dyslipidemia, smoking, and alcoholic habits), headache and coma at admission. We also analyzed imaging features such as ICH location, intraventricular extension of the hematoma, and brain herniation. Metabolic assessment included admission systolic and diastolic blood pressure, and blood glucose, cholesterol, and triglycerides levels.
Outcome Measures
We collected follow-up data from local and national informatic health systems. We recorded data regarding mortality during in-hospital period and mortality after discharge until December 1, 2018. We also recorded modified Rankin Scale (mRS) at discharge and recurrent (hemorrhagic or ischemic) stroke during the follow-up period.
Statistical Analysis
We did 2 separated statistical analyses, one regarding in-hospital prognosis and the other for long-term prognosis. We expressed continuous variables as median (interquartile range, IQR) and categorical variables as numbers (percentage). We performed univariate analyses using the chi-square test or Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables. For survival analysis we used Kaplan-Meier curves.
For the in-hospital prognosis analysis, we included all patients with ICH from the registry that met the inclusion criteria. We divided the patients in 2 groups: (1) patients that died during the in-hospital period; and (2) patients that were discharged alive. Demographical and clinical characteristics were compared between the 2 groups using a univariate analysis. Independent prognostic predictors were identified using a logistic regression model adjusted for sex, age, and all variables with P value <.05 in the univariate analysis.
For the long-term prognosis analysis, we excluded all patients who died during in-hospital period. We divided the patients in 2 groups: (1) patients that died during the follow-up period; and (2) patients that remained alive. Demographical and clinical characteristics were compared between the 2 groups using a univariate analysis. Independent mortality predictors were identified using a multivariable Cox regression model adjusted for sex, age, and all variables with P value <.10 in the univariate analysis.
In addition, we performed a sensitivity analysis comparing patients aged 18-50 years versus patients aged 51-65 years.
We expressed associations as odds ratios (OR) with 95% confidence intervals (CI) or its associated P value. In all analysis, a P value of <.05 was considered statistically significant. We used SPSS Statistical Software for Windows (Version 25.0).
Results
Baseline Characteristics
Among 1253 patients with first stroke before 65 years, 205 patients (16.4%) had a spontaneous ICH. From these, we excluded 44 patients due to lack of follow-up data. For this study, we included 161 patients, of which 24 (14.9%) died during in-hospital period.
In the 24 patients that died during in-hospital period, median age was 57 years (IQR 47-61 years), 75.0% (n = 18) were men and 87.5% (n = 21) were white. The most frequent vascular risk factors were hypertension (75.0%, n = 18), alcoholic habits (25.0%, n = 6), smoking (8.3%, n = 2), diabetes mellitus (8.3%, n = 2), and dyslipidemia (4.2%, n = 1). At admission, 75.0% of patients (n = 18) were in coma, and 62.5% (n = 15) had systolic blood pressure (SBP) more than or equal to 190 mm Hg. About 75.0% of patients (n = 18) had basal ganglia ICH, 16.7% (n = 4) had infratentorial ICH, and 12.5% (n = 3) had lobar ICH. Nine patients (37.5%) had intraventricular extension of the hematoma and 16.7% (n = 4) had brain herniation.
Among the 137 in-hospital survivors, median age was 54 years (IQR 48-60), 67.2% (n = 92) were men, and 83.9% (n = 115) were white. The most frequent vascular risk factors were hypertension (70.1%, n = 96), alcoholic habits (54.0%, n = 74), smoking (29.2%, n = 40), dyslipidemia (18.2%, n = 25), and diabetes mellitus (13.9%, n = 19). At admission, 38.0% of patients (n = 52) had headache, 8.0% (n = 11) were in coma, and 69.3% (n = 95) had SBP 160 mm Hg. About 72.3% of patients (n = 99) had basal ganglia ICH, 15.3% (n = 21) had lobar ICH, and 12.4% (n = 17) had infratentorial ICH. About 50.4% of patients (n = 69) had mRS less than or equal to 2 at discharge.
In-hospital Prognosis
In the univariate analysis, patients that survived inhospital were more likely to smoke (8.3% versus 29.2%, P = .022) and to have alcoholic habits (25.0% versus 54.0%, P = .009) than patients who died. On the other hand, coma at admission (75.0% versus 8.0%, P < .001), higher blood glucose levels at admission (median 156 mmol/dL versus 100 mmol/dL, P < .001), intraventricular extension of hematoma (37.5% versus 16.7%, P < .001), and brain herniation (16.7% versus .7%, P = .002) were significantly more common in patients that died in-hospital. Table 1 shows the results of univariate analysis of in-hospital prognosis.
In the multivariate analysis, coma at admission [OR .02 (.00-.11), P < .001] was an independent predictor for mortality whereas alcoholic habits (OR 12.32 [1.82-83.30], P = .010) was an independent predictor for survival during in-hospital period, as shown in Table 2 .
Survival
Among patients that were discharged alive (n = 137, 85.1%), 1-year survival was 99.3%, 5-year survival was 92.0%, 10-year survival was 78.1%, and 15-year survival was 62.0%. After median follow-up period of 17 years (IQR 11-19 years), 47.4% (n = 65) of patients died. Figure 1 shows the Kaplan-Meier curve of cumulative survival rates.
Stroke Recurrence
During the follow-up of the 137 patients that survived the in-hospital period, 18 patients had ischemic stroke and 6 had recurrent ICH (3 were the cause of death). 
Long-term Mortality
In the univariate analysis, an increasing age (median 57 years versus 51 years, P < .001), diabetes mellitus (20% versus 8.3% P = .049), and higher blood glucose levels at admission (median 105 mmol/dL versus 93 mmol/dL P = .004) were significantly more common in the group of patients that died during the follow-up period. Instead, headache at admission (29.2% versus 45.8%, P = .046) was more likely to be present in patients that survived during the follow-up period. Results of the univariate analysis of long-term mortality are presented in Table 3 .
In the multivariate analysis, an increasing age (OR 1.08 [1.03-1.12], P = .001), higher blood glucose levels (OR 1.01 [1.00-1.01], p =.032), and hypertension (OR 2.21 [1.22-4 .00], P = .009) were independent predictors of long-term mortality after ICH, as shown in Table 4 and Figure 2 .
Sensitivity Analysis
We compared characteristics between the group of patients aged 18-50 years and the group of patients aged 51-65 years that survived the in-hospital period. Among the 48 patients (35.0%) aged 18-50 years, median age was 45 years (IQR 41-48 years), 66.7% (n = 32) were men, and 72.9% (n = 35) were white. About 62.5% of patients (n = 30) presented with headache at admission, 58.3% (n = 28) had SBP more than or equal to 160 mm Hg, 64.6% (n = 31) had basal ganglia ICH, and 47.9% (n = 23) had mRS less than or equal to 2 at discharge. Details are presented in supplemental Table 1.
In the univariate analysis, being white (72.9% versus 89.8%, P = .010), having SBP more than or equal to 160 mm Hg (58.3% versus 75.3%, P = .040), and higher blood glucose levels (median 89 mmol/dL versus 103 mmol/dL, P = .012) were significantly more common in the group of patients aged 51-65 years. In contrast, headache at admission (62.5% versus 24.7%, P < .001) was more likely to be present in patients aged 18-50 years.
Discussion
In this consecutive single-center cohort of 161 ICH patients aged 18-65 years, in-hospital mortality was 14.9% and cumulative mortality 17 years after ICH onset was 47.4%. Regarding in-hospital prognosis, coma at admission was an independent predictor for mortality whereas alcoholic habits were an independent predictor for survival. An increasing age, higher blood glucose levels, and hypertension were independent predictors of long-term mortality after ICH.
Considering the results of previous observational studies on prognostic predictors after ICH, 13 the association of previous alcoholic consumption with in-hospital survival in our cohort was unexpected. However, other observational studies had already reported similar results. 14, 15 One found a numerically, non-significant, higher number of patients with alcoholic habits among 30-day survivors after ICH. 15 In another study, patients who consumed alcohol were found to have a lower mortality rate and a higher functional recovery rate after ICH. 14 study reported that previous alcohol consumption was an independent predictor of functional recovery after ICH. 14 One possible explanation may be the alcohol-related cerebral atrophy effect on ICH outcome. Several studies reported on alcohol-related cerebral atrophy 16, 17 and 1 observational study identified cerebral atrophy as an independent predictor of survival after ICH. 18 Unfortunately, we could not provide this conclusion from our results since we lack data regarding cerebral and ICH volumes. Further research is needed concerning alcoholic habits' influence on ICH outcome.
In fact, this
Although there are several observational studies regarding long-term prognosis after ICH in older populations, 19 ,20 only 2 reported on long-term ICH prognosis in young adults. 11, 12 We report a cumulative mortality 17 years after ICH onset of 47.4%, which is higher than other observational studies that stated an all-cause cumulative mortality of 27.6% at 10 years 12 and 31.4% at 20 years. 11 This could probably be explained by the higher median age of our study that included patients aged 18-65 years, when other studies only included patients with less than 50 years. In fact, in our sensitivity analysis comparing patients aged 18-50 years versus patients aged 51-65 years, the cumulative mortality at 17 years of the first group (29.2%) was in line with those previous observational studies. 11, 12 Koivunen et al 12 identified male sex and diabetes mellitus as predictors of increased long-term mortality after ICH in young adults. In our analysis, higher blood glucose levels were also independently associated to 
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long-term mortality after ICH. Additionally, hypertension was also an independent predictor of long-term mortality after ICH. Diabetes mellitus and hypertension are common vascular risk factors frequently associated to both ischemic and hemorrhagic stroke. 21 They share some similar pathophysiological pathways 22 contributing to deleterious effects on the microvasculature, resulting in hematoma expansion and impaired neuroregeneration, probably leading to poorer outcomes. We reported one of the longest follow-up studies after ICH in young adults so far, collecting data from a prospectively constructed hospital-based registry. However, our study has some limitations. The main limitation of this study is the lack of data regarding cerebral and ICH volumes as well as concerning specific etiological aspects. Secondly, this was a single-center observational study with a relatively small sample size. Thirdly, since it was a retrospective follow-up study, we could not account for long-term functional outcome neither risk of post-ICH dementia or epilepsy. In addition, data on recurrent stroke were based on new hospital admissions or information from national heath platforms during the follow-up period, with the risk of missing some patients. Therefore, these results should be interpreted with caution.
Conclusion
In this consecutive single-center cohort of ICH patients aged 18-65 years, in-hospital mortality was 14.9% and cumulative mortality 17 years after ICH onset was 47.4%.
Previous alcoholic habits may influence in-hospital survival after ICH in young adults. Long-term mortality in young adults seems to be lower than in elderly and was predicted by higher blood glucose levels and hypertension.
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